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Abstract
Personalized Information System (PIS) aims to provide tailored services to users in various contexts. The aim of such 
system is to help users find relevant content easier and faster. To achieve such behaviour, the system needs a user 
model providing information about users, e.g., about their interests, skills, background and custom information while 
ensuring their adaptation to the needs and preferences of each user. This system is able to learn about the preferences 
of individual users and to tailor the content, interface, and behaviour to the user preferences. In fact, the diversity of 
contexts and the proliferation of profiles make personalization a very sophisticated process. Personalization is a major 
challenge for the information system. In fact, its quality and its adaptation to the user’s preferences represent a key of 
success of these systems. In this context, this paper presents a personalized method based on the principle of genetic 
programming by extracting the best adaptation rules.
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1. Introduction
The aim of personalization is to provide relevant information and a custom interactivity. 
Personalization is seen as a process that changes the functionality of a system to increase its relevance. 
This intelligent process depends on the socio-demographic characteristics of the user (sex, age, place of 
residence, etc.) and/or his/her observed behavior [1]. Bouzeghoub and Kostadinov [2] define
personalization as a set of individual preferences represented in a couple form (attribute, value), by 
arrangements of criteria or by semantic rules which are specific to each user or a community of users. 
These informations are represented within an object often called user profile or user context. For [3], 
personalization is the action of adapting access to information based on details about a user or a user 
group. It is seen as an "auto-personalization" of the software where systems are automatically adapted to 
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the personal characteristics of the user. However, customization allows the user to manage the 
personalization process manually by selecting choices among several proposals, while personalization is 
an adaptation process guided by the system itself after the acquisition of knowledge from the user. Indeed, 
the customization is a part of the process of adaptation and it’s a critical component of the whole 
operation [4]. Adaptation often refers to other notions such as adaptability or static adaptation which is 
the ability of the interface to be changed by the user and which requires the explicit expression of the user 
and preferences before the generation of interface [5]. But adaptivity, which is also called dynamic 
adaptation, presents the ability to interface to be modified automatically without explicit user action. It 
manages the process of adaptation from the users’ data (preferences, demographic properties, sites of 
interest...). In this context, this paper presents a personalized method based on the principle of genetic 
programming and aspect programming by extracting the best adaptation rules
The remainder of this paper is structured as follows. In Section 2, we give an overview of our proposal. 
Then, Section 3 details our adaptations to improve the adaptation rules quality. Section 4 presents and 
discusses the validation results. The related work in defect detection and correction is outlined in Section 
5. We conclude and suggest future research directions in Section 6.
            
2. Approach Overview
The aim of the proposed method is to personalize information and adapt interface. This automatic 
adjustment is based on the modeling of the context of use. The idea is to extract interesting adaptation 
rules and apply them to adapt interface to each user. Due to a large search space, the diversity of the 
contexts of use and the very large number of adaptation rules, we chose to model our problem as an 
optimization problem. To this end, we use the Genetic Programming (GP) which is an evolutionary 
method that can be used to control a system evolution and ensuring the adaptation of population toward 
changing conditions (adaptation, reactivity and taking account of the environment). Genetic programming
(GA) is a powerful heuristic search optimization method inspired by the Darwinian theory of evolution
[12]. The basic idea is to explore the search space by making a population of candidate solutions, also 
called individuals, evolve toward a “good” solution of a specific problem. The choice of the genetic 
algorithm (GA) comes from the need to take advantage of the effectiveness of this principle in the living 
world where individuals are adapted to their environment. It is a method that has great flexibility because 
it offers the ability to handle a large number of individuals and to rework the solutions obtained by re-
launching a new evolution starting with one or more rules obtained previously. On the other hand, it is 
possible to keep more than one solution as a result of a development, to evaluate several over the basis of 
examples and so choose the one that offers the best fitness (fig 1). This makes genetic programming an 
adaptable technique to our problem of searching for the best rules. Indeed, the use of genetic 
programming in our work results from the need to generate an adapted interface basing on rules that the 
best solutions produced along all generations. In the literature the fitness level means "a measure of 
adaptability of each solution to the problem to evaluate a population of solutions towards greater 
efficiency" [12]..
Fig. 1. Approach overview
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3. Genetic Programming Adaptation 
The aim of GP is to identify the best individuals from a randomly chosen initial population. The 
proposed method is to generate interesting adaptation rules following phases derived from the evolution 
of the nature Genetics: selection, evaluation, crosses, and mutations. The general structure of our 
approach is introduced in Fig. 2.
Fig. 2. General architecture
The proposed method has five phases: (1) generation and evaluation of the initial population, (2) selection 
of parents, (3) generation of the population of children, (4) merge parents and children and (5) evaluation 
of the new population. 
Phase 1: Generation and evaluation of individuals of the initial population:
      In Genetic Programming, a solution is a adaptation rules  which is usually represented as a tree, where 
the internal nodes are functions and the leaf nodes are terminal symbols. Both the function set and the 
terminal set must contain symbols that are appropriate for the target problem. The idea is to randomly 
generate a set of adaptation rules. The premises of these rules are a combination of the characteristics of 
the context and the conclusions are a combination of the characteristics of the interface. The adaptation
rules has the following form:
If a1 is v1... and ai is vj... or ..an. is vn
Then cr1 is v1... or crj is vn
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With:
ai are the input variables that describe contexts
crj are the output variables that describe the interface
vi are the possible values of these variables
This phase has three steps (1) Generation of individuals of the initial population (2) encoding and(3) 
evaluation
- Generation rules of the initial population : this step takes in input the context attributes (experience, 
age, motivation..), logical connectors (and, or) and the characteristics of the interface (guidance, facility 
of memorization, density of information..). Note that each attribute of the context can take several values: 
for example the experience attribute can take beginner, average, and expert, same for the characteristics of 
the interface guidance can take the values low, medium and high. This step allows extracting an initial 
population of rules in a random manner from a possible combination of adaptation rules. This extraction 
is based on the nature of the rule of adaptation (proportional or symmetric). A proportional rule presents 
context attributes whose values increase (premise)when those of the interface decrease (concusion). For 
instance, if user experience increases interface guidance decreases. For a symmetric rule when the values 
of attributes context increase then the interface characteristics increases such as, if the user motivation 
increases, the density of the information of interface increases. This principle allows us to eliminate the 
possible solutions that we believe are not promising and guide the generation of less acceptable rules in 
trying to avoid the rules that have no meaning for example a novice user can never have low guidance, or 
even a user with a low motivation may not have an interface with a high density of information. Recall 
that each attribute of the context corresponds a characteristic of the interface. For example, the experience
criterion corresponds to the Guidance characteristic of the interface. This step will have as output a set of 
N randomly selected rules.
- Encoding: the GP needs a significant coding of individuals to facilitate the processing of the algorithm. 
Indeed, the coding can have a significant impact on the way in which rules are processed. The rules of 
adaptation will undergo a process of improvement; they must then be presented in a tree form. In the 
literature, there are several coding strategies: the binary encoding [13], as well as the real encoding. In our 
work we opt for the real encoding. It is a natural coding approaching reality because of his nuanced 
character that not only takes type 'True' and 'False' values like binary encoding. It is based on the concept 
of the scaling.
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Fig. 3. Encoding of rules
- Evaluation of individuals of the initial population: In this step, we evaluate the adaptation rules of the 
initial population in order to estimate and discover the interesting rules. This evaluation is based on the 
calculation of the fitness function which will determine the quality of each rule by referring to the basis of 
concrete cases (examples) generated during the monitoring phase basing on the aspect programming. The 
quality of generated solutions is evaluated using the fitness function Q (x) given in Equation (1). The idea 
is to improve the quality of adaptation rules by maximizing the function Q (x). With xi is an adaptation 




                                                                                                                                             (1)
Where
Ai: refers to examples of traces (cases) that have contexts values verifying the premise of the rule. 
Ai = 1 if the adaptation rule is true
Ai = 0 if the adaptation rule is false 
NBc: is the number of cases (examples) having the same context.
Phase 2: Selection of the parents:
  In this step, two parent individuals (rules) are selected from the initial population. Thus, to guide the 
selection process, our method uses the fitness function to select elements having the best fitness from Pt
that represents the best elements to be reproduced in the child population Qt using genetic operators such 
as mutation and crossover.
Phase 3: Generation of the children population: 
This phase is based on two principal GP genetic operators : crossover and mutation.
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- Crossover: the crossover operator combines the genetic material of two parents by swapping a part of 
one parent with a part of other. Each child thus combines information from both parents. In any given 
generation, a variant will be the parent in at most one crossover operation.
- Mutation: 
Mutation operates on only one individual. Normally, after crossover has occurred, each child produced by
the crossover undergoes mutation with a low probability. Fig. 4. shows an example of the crossover and  
mutation process.
Fig. 4. Crossover and  mutation process.
Phase 5: Evaluation of the new population
Once reproduction and crossover have been applied according to given probabilities, the newly created 
generation of individuals is evaluated by the fitness function Q (x). This process is repeated iteratively, 
usually for a fixed number of generations. The result of genetic programming (the best solution found) is 
the fittest individual produced along all generations.
3.2. Evaluation of the proposed method:
The purpose of our method is to generate interesting adaptation rules. The output of this method is a 
database containing a set of interesting rules. The evaluation is based on the average fitness value of each 
BEST population obtained through 8 iterations. We can conclude that when the number of iterations 
increases, the average fitness value of the interesting rules increases.
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Fig. 5. Variation  of the average fitness value 
4. Related work
Several Personalized Information System (PIS) are proposed in the literature (see, for example, [6], 
[7], [8], [9], [10]. [6] proposed a platform based on software agents, called PerSyst. It provides support 
for the design of personalized systems. Persyst was applied for the personalization of transport 
information systems by recommending itineraries based on users’ preferences.
Similarly, [7] Garcia Crespo et al. (2009) proposed SPETA (Social Pervasive E-Tourism Advisor) is 
an information transport which merges the pervasive systems-sensitive contexts, Geographic Information 
Systems (GIS), social networks and semantics. SPETA offers a custom guide and resolves the 
disintegration of tourist services, in relation to research, discovery and recommendation of personalized 
services by using the semantics of the geo-location and social technologies. The solution presented 
through SPETA is based on an ontology that stores all the necessary knowledge, integrating also the 
social information and geo-location, and provides the necessary reasoning capacity. 
These works are classified as social methods that recommend personalized information for a current user
basing on the preferences of others users. In our approach, we propose an automatic adaptation method
basing on the interesting rules. 
There are some systems which use a combination of techniques to provide a recommender system. These
types of algorithms are known as Hybrid Filtering.  In [7]a hybrid approach is defined, which combines 
social networks, semantic Web, and context awareness in pervasive systems, created to improve the 
tourist experience. It offers a personalized guide and solves the tourism services disintegration, with
regard to searching, searching and showing personalized services by means of semantic, geolocation, and 
social technologies. A similar work, SigTur/E-Destination is a personalized system established by 
Moreno et al. [8]. It is a Web-based system providing personalized recommendations in the field of 
tourism. These recommendations are categorized and classified according to a specific ontology that 
guides the reasoning process. These recommendations take into account many different kinds of data: 
demographic information, travel motivations, the actions of the user on the system, the ratings provided 
by the user, the opinions of users with similar demographic characteristics or similar tastes, etc. SigTur is 
based on the combination of GIS and Artificial Intelligence algorithms. The GIS enable to store a large 
collection of geospatial information related to tourism and leisure activities, as well as to provide a map-
based interface to the user with the localization of the proposed activities. From another side, Artificial 
Intelligence tools, such as ontologies, provide a semantic integration of the geospatial information within 
the recommender system, while content and collaborative methods help to provide personalized 
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recommendations. The system supplies users with a range of possibilities to identify leisure activities 
according to their profile, and facilitates the planning of the trip and the decision-making process before 
and during the stay. In [9] Yang & Hwang, a personalized recommendation transport system called 
iTRAVEL is proposed, which aims to facilitate the task of recommendation in the field of tourism. The 
system socially searches of other tourists’ opinions on their best visited attractions destinations. The 
proposed approach uses mobile “peer-to-peer" technique to swap notes via mobile devices iTRAVEL is a 
cost-effective system that has been developed to offer tourists the recommendations they needed. A very 
important feature of iTravel is its ability to exchange data with other iTravels users. The proposed 
methods that allow data propagating resulted in better performance. To our best knowledge, our proposal 
is the first work that uses multi-criteria decision making methods using interesting rules to personalize
information as well as the interface.
5. Conclusion
The personalization in information systems has been the subject of many recent research efforts. 
Today, these systems are indispensable to those who want to retrieve appropriate information with less 
effort at any time and any where. In this context, the aim of the proposed method is to extract a population 
of interesting adaptation rules. To improve the performance of our method, it will be interesting to define 
criteria to facilitate the generation of the initial population in a more dynamic manner basing on many 
criteria candidates. This will generate an even broader set of solutions and consequently improve the 
performance of the algorithm. Finally we tend to apply our method in other areas of application such as e-
Learning and e-commerce.
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